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This report presents hydrologic data on the extent,
depth, and frequency of flooding onthe Delaware River
in the vicinity of Belvidere, N.J. The report area is a
15-mile reach of the Delaware River and its flood
plain is in Warren County, N.J., and Northampton
County, Pa. The report was prepared to aid individ-
uals, organizations, and governmental agencies, so
they may have a technical basis for making decisions
on the use of flood-prone areas.

Areas inundated by the floods of August 19, 1955,
and May 24, 1942, are delineated on the map shown on
theright.The areal extent of flooding was delineated
on the basis of floodmarks identified in the field or
obtained fromvarious publications and agency records,
Flood profiles were developed from thesedata, Depths
of inundation and limits of overflow of floods of various
magnitudes can be estimated by using the relations
presented.

The maximum known flood in the vicinity of Belvi-
dere occurred on August 19, 1955, This flood exceeded
the second highest known flood—that of October 10,
1903—by 1% feet at U.S. Geological Survey gaging
station at Belvidere,

Cooperation and acknowledgment.— The preparation
of thisreportisapartof aninvestigative program con-
ducted under a cooperative agreement between the
Delaware River Basin Commission and the U.S. Geo-
logical Survey, The cooperative program is admin-
istered on behalf of the Delaware River Basin Com-
mission by James F. Wright, Executive Director, and
is directly coordinated by Herbert A, Howlett, Chief
Engineer. The report was prepared by the U.S. Geo-
logical Survey under the direction of John E, McCall,
district chief, and under the immediate supervision of
Alexander C. Lendoand Justin A, Bettendorf, hydraulic
engineers,

Acknowledgment is made to the following agencies
for some of the data used in this report: New Jersey
Department of Conservation and Economic Develop-
ment; Pennsylvania Department of Forests and Waters;
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Corps of Engineers, U.S. Army; Delaware River Joint
Toll Bridge Commission; County Engineer, Warren
County, N.J.; and the Pennsylvania Railroad Company.
Data were also obtained from utility companies, indus-
trial firms, and residents in the area.

Flood height.— The height of a flood at a gaging
station usually is stated in terms of gage height or
stage, which is the height of the water surface above
a selected datum plane, Gage heights for a gaging
station can be converted to elevations above meansea
level, datum of 1929, by adding the gage height to the
sea level elevation of the zero of the gage.

Elevation, gage height, and year of occurrence of
each flood that exceeded a 245-foot elevation on the
Delaware River at Belvidereduring theperiod of 1923-
65 are shown in figure 1, The elevationand gage height
of the historical flood of 1903 alsoare shown for com-
parison, Although continuous records were not col-
lected at Belvidere until October 1922, it was estab-
lished by Tice (1958) that no other floods equal to or
greater than the 1903 flood occurred during the period
1903-22, The erratic time interval between ma jor
flood events is shown in figure 1.

257 | 7 0 2 L L e 0 5 R L ML
o H 30
W 256 - =]
w —
Z 255} -
H_._. 254 = 28
W i || =
w
=1 2581 = W
5 H 26
n 252 = =
z 1 £
fi] 251 0 O
- 250 - _ ()
W I &
2 249+ =5 5]
< H22 &
> 248 =]
) L
= 247f | =
g I H 20
W 246 . | 2 =
. | i (KN I
245 L i e i
1903 1925 1930 1935 1940 1945 1950 1955 1960 1965

FIGURE 1. —Floods above 245.0-foot elevation, Delaware River at
Belvidere, N. J., 1903, 1923-65.
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Flood discharge.— The rate of discharge ofa stream
is the volume of flow that passes a particular cross
section in a unit time, Usually discharge rates are
expressed in units of cubic feet per second (cfs). Peak
discharge is the maximum discharge attained in a
flood, The peak discharge during a flood generally
occurs at the time of maximum height of the flood, but
if a stream is affected by variable backwater, the peak
discharge may not coincide with maximum stage,

Discharge, as well as stage and elevation of ma jor
floods recorded atthe gaging stationon Delaware River
at Belvidere, is given below.

Major floods recorded at U.S. Geological Survey
gaging station on Delaware River
at
Belvidere, N. J.

Elevation -
Date of Stage above NW%W»M«NM
flood (feet) mean sea per second)
(feet)

Oct. 10, 1903 128.6 1255.03 220,000
Apr. 7, 1924 19.0 245.43 114,000
Oct. 1, 1924 193 245.73 118,000
Aug. 25, 1933 19.90 246.33 122,000
Mar. 12, 1936 2222 248,65 148,000
Mar. 19, 1936 25.00 251.43 179,000
Sept. 22, 1938 19.27 245.70 116,000
Apr. 1, 1940 21.40 247.83 138,300
May 24, 1942 20.97 247.40 133,700
Dec. 31, 1942 18.62 245.05 108,600
Mar. 23, 1948 19.68 246.11 119,800
Dec. 31, 1948 19.48 245.91 117,700
Mar. 31, 1951 19.75 246.18 120,600
Dec. 12,1952 20.00 246.43 122,000
Aug. 19, 1955 30.21 256.64 273,000

I From floodmark.

Flood frequency.— Flood-frequency relations given
in figures 2 and 3 for the U.S. Geological Survey gaging
station on Delaware River at Belvidere were obtained
from a regionalized flood-frequency study by Tice
(1958). The relation between frequency and discharge
is shown in figure 2, and the relation between fre-
quency and stage is shown in figure 3. The relation
between frequency and stage is dependent on the rela-
tion of stage to discharge. Stream dredging, straight-
ening stream channel, filling, and building of floodwalls
in the immediate vicinity of the gage could alter stage
discharge relations and, hence, frequency-stagerela-
tions, In addition, changes upstream such as construc-
tion of reservoirs or floodwalls, andfilling or dredging
the stream channel, may alter the frequency-discharge
relations. Extrapolation of the curves beyond the limits
shown is not recommended.

250

225 W

=

200 P

175 P
150 \\

125 "
\
\

3 4

DISCHARGE, IN THOUSANDS OF CUBIC FEET
PER SECOND

189 5 6 7 8910 15 20 30 40 50 75 100

- RECURRENCE INTERVAL. IN YEARS

FIGURE 2. —Frequency of flood discharges on Delaware River at
Belvidere, N. J.
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FIGURE 3. —F'requency of flood stages on Delaware River at
Belvidere, N. J.

Recurrence intervals.— As applied to flood events,
recurrence interval is the average interval of time
within which a given flood will be equaled or exceeded
once, Frequencies of floods may be stated interms of
their probabilities of occurrence (virtually reciprocals
of their recurrence intervals for floods with recur-
rence intervals greater than 10 years). For example,
a flood witha 25-year recurrence interval would have a
4-percent chance of being equaled or exceeded in any
given year, or aflood witha 50-year recurrence inter -
val would have a 2-percent chance of being equaled or
exceeded in any given year,

The relation between recurrence interval and flood
height is tabulated in the following table for Delaware
River at Belvidere,

Elevation above mean sea level,
in feet
Recurrence
interval
(years)
Delaware River at Belvidere, N.J.
(U.S. Geological Survey gage)
100 254.6
75 254.0
50 253.1
35 252.3
25 251.5
10 249.1
3 245.8

The flood of August 19, 1955, for which the inundated
area has been delineated on the map on the left, has
an estimated recurrence interval of more than 150
years. A smaller flood, the flood of May 24, 1942, is
also delineated on the map and has an estimated re-
currence interval of 5 years.

It is emphasized that recurrence intervals areaver -
age figures—the average number of years that will
elapse between occurrences of floods that equal or
exceed agiven magnitude, The fact that a major flood is
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Tributaries.— Flooding on the tributariestothe Del-
aware River shown on the flood map is due to back-
water from the Delaware River. Floods generated by
local storms on the tributaries would have different
frequencies and profiles, Limits of inundation by floods
originating on the tributaries are not defined.

River miles on tributaries to the Delaware River on
the flood map have their origin or zero point at the
mouth of the tributary,

Future conditions.— Hydrologic conditions are not
constant. Any changes in the river channel that would
affect the water-carrying capacities may alter the
inundation pattern of future floods. Such changes are
dikes, highway fills, or channel dredging and straight-
ening, Increase of flood-control reservoir capacity
also may havea sizable effect on future floods. Planned
flood-control works, when completed and placed into
operation, would modify future floods. For example,
figure 4 shows profiles of the modification of the August
1955 flood, computed by the Corps of Engineers, based
on projects completed since August 1955 and on the
latest designs for additional projects in the compre-
hensive plan for the Delaware River basin, adopted by
the Delaware River Basin Commission in March 1962,

Additional data. —Additional information pertaining
to floods in the Belvidere vicinity may be obtained at
the office of the U,S. Geological Survey, Trenton, N.J.,
and from the following reports:

Bogart, D. B., 1960, Floods of August-October 1955
New England to North Carolina: U.S. Geol. Survey
Water-Supply Paper 1420, 854 p.

Farlekas, G. M., 1965, Extent and frequency of floods in
the vicinity of Easton, Pa.-Phillipsburg, N.J.: U.S.
Geol. Survey open-file report, 61 p.

1966, Extent and frequency of floods onDela-
ware River in vicinity of Belvidere, N.J.: U.S. Geol.
Survey open-file report, 37 p.

1967 , Floods at Easton, Pennsylvania-Phil-
lipsburg, New Jersey: U.S. Geol. Survey Hydrol,
Inv. Atlas HA-246.

Thomas, D, M., 1964, Floods in New Jersey, magnitude
and frequency: New Jersey Dept. of Conserv, and
Econ, Devel., Div. Water Policy and Supply, Water
Resources Circ. 13, 145 p.

Tice, R, H., 1958, Delaware River basin flood fre-
quency: U.S. Geol. Survey open-file report, 10 p.

U.S. Army Corps of Engineers, 1962, Report on the
comprehensive survey of the water resources of the
Delaware River basin, v. I-XI: U.S. 87th Cong., 2d
sess,, House Doc. 522,

U.S. Geological Survey, 1937, The floods of March
1936, Part 2, Hudson River to Susquehanna River
region: U.S. Geol. Survey Water-Supply Paper 799,
380 p.
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